Abstract. Although transcatheter arterial chemoembolization (TACE) is considered to be an effective treatment for advanced hepatocellular carcinoma (HCC), it is difficult to achieve complete necrosis by TACE alone due to incomplete embolization and tumor angiogenesis. Recent studies have shown that tegafur/uracil (UFT ® ) inhibits tumor angiogenesis in several cancer types. Therefore, this study was conducted to test the efficacy and toxicity of the UFT administration after TACE in advanced HCC. Thirty patients with HCC who had been treated with TACE alone more than three times and had a recurrence within 6 months were enrolled. All of the patients were treated with TACE and 28 patients were randomly assigned to the UFT (UFT 300 mg/day, three days after TACE, n=14) and control groups (n=14). The primary end point was the time to treatment failure (TTF) and the secondary end points were mainly the response rate and toxicity. Administration and observation were continued up to 6 months after TACE unless local recurrence was detected or serious adverse events developed. The median TTF in the control group was 87 days, whereas in the UFT group it was 127 days, thus significantly prolonged as compared to the control group (P=0.0016). Moreover, the overall response rate (35.7%) in the UFT group was significantly higher than that in the control group (0%). As for toxicity, only 4 patients in the UFT group developed grade 1-2 toxicities such as ascites. Serious complications by TACE were not observed in either group. Notably, there were no increases in the serum VEGF levels in the UFT group whereas those in the control group increased significantly. In conclusion, UFT administration after TACE was an effective treatment and showed no severe adverse events. This regimen may have an adjuvant role and antiangiogenic function in advanced HCC.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide (1) . Of the cases with HCC, >80% are associated with liver cirrhosis. Transcatheter arterial chemoembolization (TACE) is the most frequently applied palliative treatment in HCC patients who are considered to be unsuitable for surgery and ablation. TACE involves the infusion of anticancer agents mixed with Lipiodol followed by the transient occlusion of tumor vessels with a gelatin sponge. However, TACE does not always result in complete necrosis of the tumor, and it is thought that patients who require TACE more than three times have difficulty in achieving complete remission.
Reports have previously shown that tumor angiogenesis is important for tumor growth and is regulated by angiogenic factors in many cancers including HCC (2) . In particular, many reports have shown that the vascular endothelial growth factor (VEGF) is one of the most potent factors. In HCC, VEGF expression in tumor tissue has been reported to be correlated with aggressive behavior, early metastasis spread and poor prognosis (3) (4) (5) (6) (7) (8) (9) . On the other hand, TACE promotes the development of angiogenesis in residual tumors through the up-regulation of VEGF expression, possibly due to the hypoxic insult (10) . Therefore, it is hoped that some kind of adjuvant therapy after TACE, including one with an antiangiogenic function, would be more effective for treating HCC.
Prospective randomized studies have demonstrated that the postoperative administration of tegafur/uracil (UFT ® ), an oral 5-fluorouracil (5-FU) derivative drug, can improve survival in lung, breast and colorectal cancer (11) (12) (13) (14) . UFT is an anti-tumor agent composed of tegafur [1-(2-tetrahydrofuryl)-5-fluorouracil, FT] and uracil (U) at a molar ratio of 1:4. FT is a pro-drug that persistently releases 5-FU, and uracil is added to inhibit degradation of the released 5-FU. Yonekura et al demonstrated that UFT and its metabolites, γ-hydroxybutyric acid (GHB) and γ-butyrolactone (GBL), inhibited tumor angiogenesis (15) . In the present study, we assessed whether UFT administration after treatment with TACE is efficacious as an adjuvant and anti-tumor angiogenesis treatment in patients with HCC.
Patients and methods
Patient eligibility. Eligibility criteria were: HCC not suitable for surgical resection, liver transplantation or percutaneous ablation and treatment with TACE alone more than three times followed by recurrence within 6 months. The diagnosis of HCC was based on the results of radiological investigations [ultrasound, computed tomography (CT), magnetic resonance imaging (MRI), hepatic angiography] together with elevated levels of tumor markers [α-fetoprotein (AFP)] and protein induced by the vitamin K antagonist-II (PIVKA-II). The exclusion criteria were: age <18 years, serum creatinine >1.5 mg/dl, serum bilirubin >3.0 mg/dl, a Child-Pugh class C, a WHO performance status >2, presenting major portal vein thrombosis, extrahepatic metastases, hematopoietic function with a platelet count of <70.000/mm 3 and a leukocyte count of <3.000/mm 3 , and prior treatment with UFT. Between October 2003 and December 2005, 30 eligible patients were enrolled. The patients were randomly assigned to the UFT and control groups after TACE. As shown in Tables I and II , the patients and tumor characteristics were well balanced between the two groups. The mean age was 67.4 [standard deviation (SD), 0.4 years]. Most patients were men with underlying cirrhosis based on HCV. In both arms, cytological or histological tumor diagnosis was performed in a majority of patients.
Study design.
All the patients provided informed consent. Since a placebo was unavailable, the study was not blinded. TACE was performed. Briefly, the catheter tip was advanced as near as possible to the site of the feeding artery. The emulsion of anticancer agents, mitomycin C and epirubicin and lipiodol followed by gelatin sponge particles was carefully injected under X-ray monitoring. The doses of emulsion and particles were determined based on the tumor size and extension of the lesions. Patient eligibility by means of examination by interview and a laboratory examination were confirmed at 3 days after TACE and the patients were then randomly assigned to the UFT and control groups. The control group was arranged in order to minimize bias in this study, and received TACE alone. In the UFT group, 300 mg of UFT (Taiho Pharmaceutical Co., Tokyo, Japan) was administered daily. After the treatment, patients in the two groups underwent an ultrasonography and a measurement of the tumor markers (AFP and PIVKA-II) every month, and a dynamic computed tomography (CT) scan at 1 and 6 months after TACE. If intrahepatic recurrence was suspected, a dynamic CT scan was performed immediately. In patients who had recurrence or serious adverse events, treatment with UFT was withdrawn. Otherwise, observation and administration were continued up to 6 months after TACE. The serum VEGF level was determined to compare the fluctuations in angiogenesis between the two groups. Peripheral blood samples were taken from all patients at 0, 1, 3, 7 and 14 days after TACE and the serum VEGF level was measured with a VEGF immunoassay kit (R&D Systems Inc., USA).
Evaluation of the response. The evaluation of TACE was based on the response evaluation criteria in solid tumors (RECIST) (16) and performed according to the recommendations of the Japanese Liver Cancer Study Group (17) . Briefly, tumor necrosis and the reduction rate were classified into four degrees: treatment effect (TE) 1-4 according to the enhancement effect by a dynamic CT scan (Table I) . Overall response was defined according to the tumor markers and the degree of TE at six months after TACE (Table I ). The tumor necrosis rate was judged independently by at least one hepatologist and one radiologist. Recurrence was defined as lesions with typical findings of HCC on the imaging methods.
Assessment of the end points. The primary end point was the time to treatment failure (TTF) after TACE. The secondary end points were overall response rate and toxicity. The adverse events were based on the common terminology criteria for adverse events (CTCAE) v3.0. All categories of toxicity and complications of the treatment were recorded. Fluctuations of the serum VEGF were also evaluated as were other study variables.
Statistical considerations. This was a single-institution, openlabel, randomized phase II study that was conducted to generate pilot data regarding the preliminary efficacy and toxicity of UFT in combination with TACE. The planned sample size of 28 patients was calculated with a two-tailed type I error of 5% and a statistical power of 80%, and the following hypotheses: an expected recurrence-free rate of 6 months would be <1% in the control group and 30% in the UFT group. The primary end point was TTF, as previously defined. The TTF was generated using the Kaplan-Meier method, along with logrank tests for the differences. In order to estimate the significance of the UFT arm in the prolongation of TTF, multivariate analyses were performed using the Cox proportional hazard model. The following variables were considered for their effective value: tumor size and multiplicity, TNM classification, the number of TACE sessions, UFT administration, serum albumin and serum bilirubin levels, Table I . Response evaluation criteria.
Necrosis rate 100% or reduction rate 100% TE3: Necrosis rate 50% and above, below 100% or Reduction rate 50% and above, below 100% TE2:
Exception of TE1 and TE3
TE1:
Tumor growth 25% and above
CR, complete response; PR, partial response; SD, stable disease and PD, progressed disease.
prothrombin time (PT), alanine transaminase (ALT), AFP and PIVKA-II. Data analysis was performed using the computer program StatView v5.0. The statistical difference was evaluated as significant at P<0.05 in all analyses.
Results
Characteristics of patients and observation. Thirty patients were randomized into the study. Only two patients were excluded for the reasons shown in Fig. 1 . The remaining 28 patients were randomly assigned to either the UFT (n=14) or the control group (n=14). All of the 28 patients were eligible for the response and toxicity analysis. The administration of UFT was discontinued in only one patient, for gastrointestinal symptoms. Table II outlines the demographic and clinical characteristics of the two groups. The median age was 65 in the control group and 71 years in the UFT group. The male to female ratios were 10:4 in the control group and 12:2 in the UFT group. All the 28 patients had an ambulatory performance status and 64.3% (18/28) were excellent Table II . Baseline patient characteristics. 
(performance status 0). There was no statistically significant difference between the two groups with regard to age, gender, liver function, positivity of serum anti-HCV or hepatitis B surface antigen (HBsAg) and performance status. The groups were also balanced for the size and multiplicity of the tumors (Table III) . There was no major imbalance in the number of TACE sessions between the two groups.
The tumor response rate and time to treatment failure (TTF) in the two groups. As for the primary endpoint, the median TTF in the control group and that in the UFT group were 87 and 127 days, respectively (Fig. 2) . There was significant improvement (P=0.0016) in the time to recurrence for patients receiving adjuvant chemotherapy. Response data are summarized in Table IV for all the patients. Of the 14 patients in the control group, all patients had responded to therapy TE4 in 13 and TE3 in 1) at one month as did all of the patients in the UFT group (TE4 in 14). The response data indicated similar response rates for the two groups and there was no statistical difference at one month after TACE. On the other hand, the overall response rates in the UFT and in the control groups were 35.7 and 0%, respectively. There was statistical difference between the two groups. These data suggest that UFT administration had an additive advantage in the HCC patients with TACE.
The evaluation of adjuvant chemotherapy by multivariate analysis. Multivariate analysis was performed by using 12 factors considered to be important for the response to TACE. As shown in Table V , the two factors of serum bilirubin level and UFT administration, were significantly associated with the response to TACE. In addition, the number of TACE sessions and baseline sum longest diameter influenced the response. These data indicate that UFT strongly contributed to improving response to TACE, and that a poorer liver function and more advanced HCC are risk factors contributing to recurrence, consistent with another report (18) .
Regimen-related toxicity. With regard to toxicity, the adverse events observed in the UFT group were grade 2 ascites, grade 1 stomatitis, grade 1 diarrhea and grade 1 leucopenia (Table VI) . The patient who had ascites was discontinued of UFT treatment and recovered promptly. Adverse events of more than grade 3 did not develop in any category. Serious complications by TACE such as liver failure were not observed in either group.
Fluctuation of the serum VEGF. As shown in Fig. 3 , the serum VEGF levels were not different between the UFT and the control groups before TACE. Although the serum VEGF levels significantly increased in the control group, there was no significant increase of those levels in the UFT group at 7-14 days after embolization. 
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PIVKA-II, protein induced by vitamin K antagonist-II; AFP, α-fetoprotein; TACE, transcatheter arterial chemoembolization. ----------------------------------------------------------------------------------------------------- 
Discussion
TACE has been widely used for the palliative treatment of HCC that is not suitable for curative therapy. Randomized controlled trials and prospective studies indicated that TACE is effective for improving the survival of patients with unresectable HCC (19) (20) (21) . However, TACE alone does not always achieve complete necrosis of the tumor (22) , and repetition of the treatment has been recommended for this modality of therapy (23) . As is often the case with advanced HCC, such as in our subjects, frequent recurrences are caused by tumor angiogenesis and incomplete embolism. Therefore, another therapeutic approach, including chemotherapy or antiangiogenic treatment, has been expected to improve the response to TACE. Clinical trials using molecular-targeted agents, such as Bevacizumab or Sorafenib, have been started. However, these agents are unavailable at present. Retinoids (24) and Interferon (25, 26) have also been used as an adjuvant therapy to prevent the development of tumors, but the value of these treatments is not widely accepted in spite of recent promising results. UFT has been reported to be effective against HCC (27) (28) (29) and to have an antiangiogenic function (15, 30) . We therefore expected that it would prevent recurrence after embolization.
As expected, our data demonstrated that UFT administration significantly improved TTF and the overall response rate compared to the control, and that UFT administration was an independently important factor that improved the response to TACE (Table V) . In contrast to our result, Hasegawa et al recently reported that there was no evidence to support the potential benefits of adjuvant chemotherapy with UFT after surgery in patients with HCC (31) . These apparently paradoxical results may be attributed to the difference in the target. In that report, UFT was expected to prevent metastatic recurrence caused by HCC cells present in the microcirculation. In our study, the expected target was the chemotherapeutic effect against viable HCC and antiangiogenesis after TACE. Therefore, the findings of the present study do not necessarily conflict with the above report and support that UFT may be a useful adjunct.
However, it is also a fact that the majority of patients still had recurrence in our study. The reasons for the recurrence in the UFT group may be the small dosage of UFT and tolerance to UFT. All adverse events present in the UFT group were fortunately mild to moderate (Table VI) , and it may be worthwhile to administer higher doses of UFT. However, this may cause serious adverse effects on liver function because almost all of the patients with HCC also have cirrhosis and pancytopenia derived from hypersplenism. A previous report showed that the appearance rate of ascites or encephalopathy was significantly high and bilirubin also became significantly high (32) . Alternatively, an attempt may be made to administer other 5-FU related agents including S-1 and capecitabine. From the viewpoint of the inhibition of angiogenesis due to VEGF, it is reasonable to administer UFT at three days after TACE because the gelatin sponge dissolves and disappears within a few weeks (33, 34) and it has been reported that the VEGF level increases at 7-14 days after TACE (10, 35) . Meticulous attention to adverse events is essential when employing chemotherapy, even as an adjuvant therapy.
Notably, our data indicated that increases in the serum VEGF levels after TACE were inhibited in the UFT group, which may have been secondary to the chemotherapeutic effect because previous reports (15, 30) have shown that the metabolites of UFT inhibit the VEGF function but not the production of VEGF, although the possibility remains that the metabolites of UFT inhibit VEGF production under a hypoxic condition. These data suggest that this adjuvant therapy may have primary and secondary antiangiogenic effects.
In conclusion, our study indicated that the UFT treatment was advantageous in terms of TTF and the response rate to TACE, although the number of patients studied was not very large. If any combined regimens are attempted for HCC patients with TACE in order to prolong the response, adjuvant chemotherapy should include angiogenesis inhibitors as well as UFT because of the hypervascular nature of HCC tumors. Table V . A multivariate analysis of factors affecting the response duration using the Cox proportion hazard model.
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